Introduction
============

Dementia prominently threatens a growing number of the aging population and much effort has been devoted to early diagnosis and prediction of dementing disorders. Mild cognitive impairment (MCI) is a clinical syndrome presenting cognitive decline with preservation of global intellectual abilities and minimal interference in instrumental activities of daily living \[[@r1]\].

It is defined as the intermediate stage between intact cognitive function and clinically proven dementia, during which patients will benefit greatly if they obtain prompt diagnosis and efficacious intervention \[[@r1],[@r2]\]. Epidemiologic studies have revealed a prevalence above 6.7% of MCI in persons aged over 60 and a growing annual rate of MCI progression to dementia \[[@r1]\]. Therefore, identifying MCI at an early stage and placing it in an appropriate clinical context have become an urgent and great challenge to physicians. Information of cerebrospinal fluid (CSF) and peripheral blood biomarkers as well as neuroimaging changes, such as positron emission tomography (PET) imaging of amyloid-β (Aβ) and tau, are of vital importance to facilitate clinical trials of disease-modifying therapy. The utilization of biomarker performance in detecting early dementia has shown promising diagnostic and therapeutic implications \[[@r3]\], and recent international guidelines have highlighted the significance of identifying putative biomarkers to distinguish MCI \[[@r2]\]. Blood samples, for example plasma, have more advantages over CSF and PET data in discriminating disease status, such as less invasiveness and low cost.

Many biochemical processes are involved in the pathogenesis of MCI and dementia such as Alzheimer's disease (AD), including aberrant amyloid metabolism, phosphorylation of tau protein, dysregulation of membrane lipids and disruption of neurotransmitter pathways \[[@r4],[@r5]\]. Accumulating evidence has demonstrated that multiple blood-based markers are associated with these neurodegenerative disorders, and some are closely correlated with disease progression \[[@r6]-[@r9]\]. Meta-analyses of AD have proved that various peripheral markers differed between AD patients and healthy controls, indicating a pivotal role of chronic inflammation in AD \[[@r10]\]. Furthermore, recent studies have strongly reinforced the vascular hypothesis in dementia as well as the corresponding biomarkers, such as platelet-derived growth factor receptor-β, which can act as early predictor of cognitive trajectories \[[@r11]\]. Since MCI patients are at risk of progressing to AD or other types of dementia, it is reasonable to speculate that those pathological alterations observed in dementia may be detected in MCI. However, current research focusing on peripheral changes of these markers in MCI have been sparse and provided inconsistent results. Few studies have systematically investigated the synergistic role of a wide array of plasma biomarkers in MCI.

The objectives of this study were to compare plasma-based marker performance between patients with MCI and cognitively healthy controls in Singapore, and to investigate whether these markers are associated with cognitive dysfunction. Based on relevant literature, meta-analyses and our team's previous findings, 21 potentially reliable markers, which is involved in the neuroinflammation, metabolic and vascular mechanisms of MCI and dementia, were selected for evaluation owing to their previous reports on positive results \[[@r12]\].

RESULTS
=======

Demographic and clinical characteristics
----------------------------------------

A total of 114 subjects (57 MCI patients and 57 normal controls) were ultimately enrolled in this study. [Table 1](#t1){ref-type="table"} shows the clinical information and neuropsychological performance of the MCI and control groups. Matched for gender, MCI patients were relatively older (p \< 0.001) and less educated (p = 0.004) than normal controls. No significant differences were noted in the frequency of diabetes mellitus, alcohol intake, smoking, marriage and employment status between MCI patients and normal controls (p \> 0.05). Compared to normal controls, MCI patients performed significantly poorer on Singapore-Modified Mini-Mental State Exam (SM-MMSE) (p \< 0.001) and Montreal Cognitive Assessment (MoCA) (p \< 0.001), with notably higher scores of Geriatric Depression Scale (GDS) (p \< 0.001) and Geriatric Anxiety Inventory (GAI) (p = 0.001).

###### Demographic characteristics and neuropsychological performance.

  -------------------------------- -------------- -------------- ----------
  　                               MCI            Control        p Value
  N                                57             57             \-
  Age (years)                      68.77 ± 5.47   67.77 ± 5.16   \< 0.001
  Gender (male/female)             39/18          39/18          \-
  Education (years)                4.21 ± 4.84    6.26 ± 3.92    0.004
  Smoking (n, %)                   5 (8.8%)       3 (5.3%)       0.714
  Alcohol (n, %)                   11 (19.3%)     5 (8.8%)       0.106
  Diabetes Mellitus (n, %)         13 (22.8%)     7 (12.3%)      0.140
  Marriage (married/single)        42/15          39/18          0.536
  Employment (employed, %)         8 (14.0%)      9 (15.8%)      0.793
  Neuropsychological Performance                                 
  MMSE score                       25.82 ± 2.44   29.46 ± 0.66   \< 0.001
  MoCA score                       22.93 ± 3.81   27.37 ± 2.30   \< 0.001
  GDS score                        1.68 ± 2.16    0.54 ± 0.73    \< 0.001
  GAI score                        1.00 ± 2.10    0.16 ± 0.62    0.001
  -------------------------------- -------------- -------------- ----------

Note: Continuous variables are expressed by mean ± SD. Comparisons between groups were analyzed as described in the Methods. Groups: MCI = patients with mild cognitive impairment; Control = cognitively healthy controls. Abbreviations: N, number of subjects in each group; MMSE, Mini-Mental State Exam; MoCA, Montreal Cognitive Assessment; GDS, Geriatric Depression Scale; GAI, Geriatric Anxiety Inventory.

Performance of plasma markers across diagnostic groups
======================================================

[Table 2](#t2){ref-type="table"} summarizes the plasma concentration of all 21 analytes and illustrates the results of comparisons between groups. TNF-α (p = 0.045) and C-peptide (p = 0.004) were found significantly elevated in MCI patients compared with controls, while decreases in VEGF-A (p = 0.042) and PAI-1 (p = 0.019) were observed. No significant differences were found in comparisons of other plasma markers between MCI patients and normal controls (p \> 0.05).

###### Plasma marker levels in MCI patients and controls.

  ------------------- ------------------ ---------------------- ---- ------------------ ---------------------- --------- ------- -----------
  Markers                                MCI                         Control                                   p Value           
                      Concentration      n                           Concentration      n                                        
  TNF-α (pg/ml)                          15.43 ± 2.92           48                      14.29 ± 2.54           47                **0.045**
  sTNFR-1 (pg/ml)                        6585.75 ± 2053.00      56                      6096.99 ± 1717.44      54                0.179
  sTNFR-2 (pg/ml)                        2196.74 ± 489.14       23                      2146.16 ± 406.87       27                0.442
  hsIL-6 (pg/ml)                         0.77 ± 0.53            51                      0.90 ± 0.70            41                0.514
  sgp130 (pg/ml)                         153537.29 ± 16682.29   55                      147593.26 ± 25570.74   53                0.335
  IP-10 (pg/ml)                          84.41 ± 67.36          56                      63.66 ± 33.20          54                0.089
  CXCL13 (pg/ml)                         107.71 ± 37.63         56                      109.34 ± 42.30         54                0.853
  sIL-2Rα (pg/ml)                        763.96 ± 199.31        56                      703.31 ± 228.54        54                0.140
  6Ckine (pg/ml)                         225.59 ± 41.04         56                      216.78 ± 58.42         54                0.361
  CTACK (pg/ml)                          530.80 ± 191.41        56                      496.17 ± 194.54        54                0.349
  hsCRP (μg/ml)                          1.46 ± 2.54            55                      1.49 ± 2.38            53                0.513
  IL-8 (pg/ml)                           5.98 ± 3.38            53                      7.70 ± 7.20            49                0.212
  C-peptide (pg/ml)                      917.38 ± 549.46        55                      704.04 ± 639.51        52                **0.004**
  MCP-1 (pg/ml)                          214.10 ± 62.84         55                      242.43 ± 119.57        52                0.535
  VEGFA (pg/ml)                          41.55 ± 24.43          55                      56.49 ± 37.95          53                **0.042**
  IL-4 (pg/ml)                           22.66 ± 7.59           43                      27.38 ± 15.22          45                0.277
  Leptin (pg/ml)                         9437.62 ± 8363.95      51                      9020.54 ± 6211.62      47                0.698
  PAI-1 (pg/ml)                          45697.87 ± 29009.55    53                      62957.59 ± 40050.37    51                **0.019**
  NTproBNP (pg/ml)    1217.56 ± 730.01   42                          1461.21 ± 819.73   35                               0.141   
  TIMP-2 (pg/ml)                         38369.49 ± 13863.34    48                      37787.49 ± 16234.35    47                0.639
  T4 Total (nmol/L)                      105.23 ± 23.35         52                      101.27 ± 28.61         41                0.371
  ------------------- ------------------ ---------------------- ---- ------------------ ---------------------- --------- ------- -----------

Note: Continuous variables are expressed by mean ± SD. Comparisons between groups were analyzed as described in the Methods. Significance (bold values), p \< 0.05. Groups: MCI = patients with mild cognitive impairment; Control = cognitively healthy controls.

Correlations of cognitive performance with age and education
------------------------------------------------------------

The potential correlations of clinical characteristics with cognition level assessed by SM-MMSE and MoCA scores were evaluated by Spearman analysis. Age was found obviously inversely correlated with MoCA score in MCI (ρ = -0.275, p = 0.041) and control (ρ = -0.278, p = 0.041) subgroups as well as the whole sample (ρ = -0.286, p = 0.002), but with SM-MMSE score only in the MCI subgroup (ρ = -0.339, p = 0.010). Years of education were noted significantly related to SM-MMSE (Total: ρ = 0.523; MCI: ρ = 0.530; CN: 0.601; all p \< 0.001) and MoCA (Total: ρ = 0.447; MCI: ρ = 0.391; CN: 0.392; all p \< 0.005) scores in all the analyses whether performed separately in MCI and control groups or performed among the whole sample.

Correlations of plasma marker levels with cognitive performances
----------------------------------------------------------------

As listed in the [Supplementary Table 1](#SD1){ref-type="supplementary-material"}, the potential correlations of these 21 plasma markers with cognitive performances were analyzed in the whole cohort, MCI group and control group (in the unadjusted and adjusted models). The Spearman correlation analysis implied that the SM-MMSE and MoCA scores were inversely correlated with plasma sIL-2Rα concentration in both the whole cohort (SM-MMSE: ρ = -0.207, p = 0.030; MoCA: ρ = -0.305, p = 0.001) and MCI group (SM-MMSE: ρ = -0.269, p = 0.045; MoCA: ρ = -0.464, p \< 0.001) ([Figure 1](#f1){ref-type="fig"}). In addition, MoCA scores were inversely associated with plasma sTNFR-1 levels in the whole cohort (ρ = -0.235, p = 0.015) and MCI group (ρ = -0.314, p = 0.019) ([Figure 1](#f1){ref-type="fig"}). Furthermore, we also detected positive correlations of IL-8 (ρ = 0.298, p = 0.042) and C peptide (ρ = 0.282, p = 0.047) with the MoCA scores in the control group. In partial correlation analyses adjusting for age, gender, education, GDS and GAI scores, inverse correlations were demonstrated of SM-MMSE (r = -0.198, p = 0.045) and MoCA (r = -0.230, p = 0.020) scores with sTNFR-1 level and of only MoCA (r = -0.244, p = 0.013) score with sIL-2Rα level in the whole cohort. In MCI subgroup, the MoCA scores were found inversely linked to the plasma concentration of sIL-2Rα (r = -0.420, p = 0.002) and sTNFR-1 (r = -0.357, p = 0.010). Plasma 6Ckine levels presented a potential link with SM-MMSE score (r = -0.282, p = 0.045) in the MCI patients. In normal controls, MoCA scores were positively correlated with C-peptide level (r = 0.389, p = 0.008) and negatively with NTproBNP level (r = -0.481, p = 0.008), while no significant correlation of these two markers was found in the MCI group.

![**Correlations of plasma sIL-2Rα and sTNFR-1 level with cognitive impairment.** Scatter plots illustrated the correlations of plasma sIL-2Rα and sTNFR-1 concentration with cognitive level evaluated by MoCA scores. (**A**) The correlation of sIL-2Rα with MoCA in the whole cohort (MCI + Control: ρ = -0.305, p = 0.001). (**B**) The correlation of sIL-2Rα with MoCA in MCI patients (ρ = -0.464, p \< 0.001). (**C**) The correlation of sTNFR-1 with MoCA in the whole cohort (MCI + Control: ρ = -0.235, p = 0.015). (**D**) the correlation of sTNFR-1 with MoCA in MCI patients (ρ = -0.314, p = 0.019).](aging-11-101924-g001){#f1}

Linear regression analysis and ROC curves
-----------------------------------------

We first used the simple linear regression model to select the potentially independent variables ([Supplementary Table 2](#SD1){ref-type="supplementary-material"}). Then, the multivariable linear regression analysis was utilized to clarify those independent variables that were correlated with the prevalence of cognitive impairment in the study cohort. SM-MMSE and MoCA scores were set as dependent variables, while plasma marker concentration, age, gender, education, GDS and GAI scores were considered as independent variables. Results indicated that MoCA score was significantly associated with plasma sIL-2Rα and sTNFR-1 in both the whole cohort and MCI patients (p \< 0.05) ([Table 3](#t3){ref-type="table"}). In addition, MoCA was also found correlated with plasma C-peptide in normal controls (B = 2.111, p = 0.018) ([Table 4](#t4){ref-type="table"}). The power of each linear regression test was calculated. Among them, sTNFR-1 (\> 70%) and sIL-2Rα (\> 90%) showed relatively reliable test performances, while that of C-peptide was 53.9%. The calculated power for other markers varied. To further evaluate the performance of these markers in predicting disease status, we conducted the receiver operating characteristic (ROC) analyses in the study cohort. Statistics of areas under the curves (AUCs) showed acceptable predictive abilities of these plasma-based markers in distinguishing MCI from normal controls (VEGF-A AUC = 0.614, p = 0.042; PAI-1 AUC = 0.633, p = 0.019; TNF-α AUC = 0.615, p = 0.054; C peptide AUC = 0.662, p = 0.004).

###### Assessment results of the risk of having cognitive impairment in the multiple linear regression model across different groups (sIL-2Rα and sTNFR-1).

  --------- ----------- --------------- --------- ----------- ----------- --------- --------- ----------- -----------
  Markers               MCI + Control             MCI                                                     
            B           SE              p value               B           SE        p value               
  sIL-2Rα               -7.010          2.546     **0.007**               -11.834   3.774     **0.003**   
            Age                         -0.080    0.067       0.239                 -0.070    0.092       0.452
            Gender                      -0.206    0.773       0.790                 -0.905    1.086       0.409
            Education                   0.277     0.083       **0.001**             0.180     0.113       0.117
            GDS                         -0.181    0.238       0.450                 0.077     0.258       0.766
            GAI                         -0.096    0.253       0.704                 -0.044    0.264       0.869
  sTNFR-1               -6.529          2.758     **0.020**               -9.865    3.708     **0.011**   
            Age                         -0.075    0.068       0.274                 -0.065    0.095       0.496
            Gender                      -0.287    0.783       0.714                 -0.817    1.112       0.466
            Education                   0.303     0.083       **0.000**             0.259     0.113       **0.027**
            GDS                         -0.191    0.241       0.428                 0.098     0.264       0.712
            GAI                         -0.070    0.256       0.786                 -0.019    0.272       0.943
  --------- ----------- --------------- --------- ----------- ----------- --------- --------- ----------- -----------

Note: Dependent variable: MoCA scores; B, regression coefficients; SE, standard error. Groups: MCI = patients with mild cognitive impairment; Control = cognitively healthy controls. Significance (bold values), p \< 0.05.

###### Assessment results of the risk of having cognitive impairment in the multiple linear regression model across different groups (C-peptide).

  ----------- ----------- --------------- --------- --------- ----------- ------- --------- ----------- -------
  Markers                 MCI + Control             Control                                             
              B           SE              p value             B           SE      p value               
  C-peptide               -0.999          1.038     0.338                 2.111   0.858     **0.018**   
              Age                         -0.113    0.070     0.107               -0.120    0.061       0.056
              Gender                      -0.177    0.826     0.830               -0.076    0.714       0.916
              Education                   0.292     0.087     **0.001**           0.162     0.081       0.052
              GDS                         -0.174    0.248     0.483               0.205     0.438       0.642
              GAI                         -0.109    0.263     0.679               0.432     0.499       0.391
  ----------- ----------- --------------- --------- --------- ----------- ------- --------- ----------- -------

Note: Dependent variable: MoCA scores; B, regression coefficients; SE, standard error. Groups: MCI = patients with mild cognitive impairment; Control = cognitively healthy controls. Significance (bold values), p \< 0.05.

DISCUSSION
==========

The present study provided evidence indicating that individuals with MCI differed from cognitively healthy controls in the plasma expression of at least four markers: TNF-α, VEGF-A, C-peptide and PAI-1. In addition to advanced age and low education level, plasma sIL-2Rα and sTNFR-1 concentrations were negatively associated with MoCA scores in all participants and MCI patients, implying a potential correlation of these markers with MCI. Taken together, our findings have further corroborated the inflammatory responses and meta-vascular changes in the pathophysiological cascade of MCI.

Regulation of inflammation
--------------------------

Neuroinflammation has been well documented to play a role in the early phase of neurodegeneration \[[@r13]-[@r15]\]. In this cross-sectional study, we investigated the plasma performance of several inflammatory markers in MCI and control groups, including cytokine hsIL-6 and one of its receptors sgp130, chemokine IL-8, and inflammation associated protein VEGF-A.

Among these results, plasma TNF-α levels proved to be mildly but significantly elevated in MCI patients compared with normal controls. As an important mediator that could activate central innate immune responses, TNF-α has been associated with the dysfunction and death of neurons \[[@r16]\]. It is widely accepted that TNF-α exerts effects by inducing Aβ production in vitro and mediating toxicity induced by amyloidosis \[[@r17]-[@r19]\]. Some researchers reported that the pro-inflammatory marker TNF-α increased in the peripheral blood or CSF of patients suffering from Alzheimer's disease \[[@r20],[@r21]\]. In their studies, there was a trend of higher TNF-α expression in the MCI group compared to healthy controls, yet the data were not statistically significant \[[@r20]\]. However, some studies suggested there was no change or lower expression of TNF-α in AD and MCI patients compared to controls \[[@r22],[@r23]\]. Inconclusive results may be due to different methodologies across laboratories. It could also be because that levels of TNF-α change during neurodegeneration but not in the very early stage of disease, or that the underlying alterations are too slight to be detected. In humans, TNF-α exerts its effect by binding to the transmembrane receptors: TNF receptor 1 and TNF receptor 2 (TNFR-1, TNFR-2) \[[@r24]\]. Soluble TNFR-1 and TNFR-2 circulate for longer than the pro-inflammatory cytokine itself, and therefore they are suitable for regulating TNF activity \[[@r25]\]. We detected a trend of increased plasma sTNFR-1 level in MCI patients compared with controls, but data did not show statistical significance. However, levels of plasma sTNFR-1 were demonstrated to have a significantly inverse correlation with MoCA score in both the whole cohort and the MCI group, indicating its involvement in MCI and potential capacity for detecting disease progression. Our results had no positive findings for plasma sTNFR-2, which was not in line with the result from previous research conducted by Gao et al \[[@r26]\], reaffirming the conclusion from previous studies that sTNFR-1 and sTNFR-2 may be activated and expressed differentially in the neurodegeneration of AD \[[@r27]\]. But given the small sample size and data lost for out of range or undetectable, it should be interpreted with caution.

Aging has been associated with alterations of circulating cells producing cytokines or chemokines, and changes in the distribution of lymphocyte subset might be specific in different types of neurodegenerative disorders such as AD \[[@r28]\]. In agreement with a previous clinical study \[[@r26]\], our research data showed significantly inverse correlations between plasma sIL-2Rα concentration and cognition level evaluated by MoCA in both the whole study cohort and the MCI group. But this correlation was not detected in the control group. It is known that IL-2Rα plays a critical role in the signaling of IL-2 and the regulation of immune reactions \[[@r29]\]. Produced from the membrane-bound IL-2Rα, the soluble IL-2Rα could inhibit the IL-2 signaling and promote the proliferation of T cell, and was therefore regarded as the stable biomarker for T cell activation \[[@r30],[@r31]\]. Laurent et al. have demonstrated a pivotal role of T cell infiltration in tauopathy and cognitive deficits in neurodegeneration \[[@r32]\]. Altogether, it is reasonable to speculate that there is an association between plasma sIL-2Rα level and cognitive impairment, which might be utilized for detecting disease progression.

Metabolic and vascular alterations
----------------------------------

Metabolic and vascular mechanisms have been suggested to contribute to MCI and dementia, yet the previous studies displayed discrepant results \[[@r33],[@r34]\]. We explored the potential role of aberrant metabolism and vascular function in MCI by measuring plasma levels of promising markers, including PAI-1, C-peptide and VEGF-A.

Elevation in PAI-1, a serine protease inhibitor (Serpin), also known as endothelial plasminogen activator inhibitor, confers high risk of vascular diseases such as dementia \[[@r33]\]. PAI-1 is considered as a primary factor in regulating the balance between thrombosis and fibrinolysis, and it has an effect on reducing brain Aβ clearance \[[@r34]\]. Our study found plasma PAI-1 levels decreased in MCI individuals compared to controls, which was contrary to some previous findings \[[@r33],[@r35],[@r36]\]. Oh et al. indicated elevated plasma PAI-1 levels in Korean MCI patients compared to controls, and yet a similar situation was not detected in a cohort of Austrian MCI patients studied by Marksteiner et al. \[[@r35]\]. On the contrary, Trollor et al. demonstrated a lower PAI-1 concentration in amnestic MCI patients compared to cognitively normal controls \[[@r37]\]. Since MCI is heterogeneous, following by several outcomes, and plasma PAI-1 levels could be modulated by multiple factors such as ethnicity, genetics and medication, the inconsistency was largely caused by insufficient studies and the great heterogeneity among them. More comprehensive analyses from multi-centered, large-scale researches are warranted in the future to obtain definite conclusions.

Accumulating evidence supported that C-peptide was associated with inflammation and cognitive function in middle-aged or older patients with diabetes mellitus (DM), yet there were disagreements \[[@r8],[@r9]\]. Chen et al. observed decreased C-peptide level in MCI patients and positive correlation of MoCA with C-peptide in patients with type 2 diabetes mellitus (T~2~DM) \[[@r8]\]. In contrast, Zhou et al. reported an inverse association of SM-MMSE with fasting C-peptide but no significant difference in C-peptide level between these two groups, whether in the non-DM or DM subjects \[[@r9]\]. We found obviously elevated C-peptide concentration in the plasma of MCI patients compared with cognitively healthy controls. Regression analysis showed a trend of positive correlation between C-peptide level and MoCA score in the control group, but no positive findings in the whole cohort or the MCI group. Since DM duration was widely reported to be correlated with cognition function, it could explain part of the inconsistency because we did not include DM duration in the analyses \[[@r8]\]. Different types of DM also seem to partly account for the inconsistency, as evidenced by the reports that the absence of C-peptide in T~1~DM patients could cause damage whereas the excess in T~2~DM patients may be harmful \[[@r38],[@r39]\]. Though DM patients in our cohort represent a small fraction, we could not exclude the effects of medication on modulating the levels of meta-inflammatory markers, such as Metformin. Further studies are required to address these aspects.

Dysfunction of the Blood-Brain Barrier (BBB) is a key pathogenic step in initiation and progression of inflammatory lesions in the brain \[[@r11],[@r40]\]. Released by activated astrocytes, vascular endothelial growth factor A (VEGF-A) has been associated with the downregulation of endothelial tight junction transmembrane proteins, which induced the BBB breakdown \[[@r40],[@r41]\]. A previous animal study illustrated that VEGF-A and its upstream mediator lipocalin-2 play a critical role in the BBB breakdown in hippocampus of the vascular dementia (VaD) \[[@r42]\]. The upregulation of these proteins might partly explain the neurotoxicity and neuroinflammation in VaD \[[@r42]\]. In contrast, our research found lower plasma levels of VEGF-A in patients with MCI compared to normal controls. This inconsistency may result from increased soluble VEGF receptors expression in MCI donors, which was not tested in our study. One study did report the reduced circulating sVEGF-R2 levels in AD patients compared to controls \[[@r43]\]. The inconsistency between our result and those of the previous studies may be explained by the timing and stage of the disease. It is likely that the balance between VEGF1/2 and VEGF-R1/2 (and other markers and their receptors) in healthy and MCI individuals is maintained by the regulation we observed and that the disruption of the regulation may accelerate disease onset and progression. One should also consider that the above-mentioned regulations also occur in the brain when we are testing circulating biomarkers. Future studies combining peripheral, CSF and brain tissue data are required for confirmation.

Cognitive assessment
--------------------

In a recent meta-analysis, the MoCA test has been proved to have better sensitivity and specificity than the SM-MMSE test to screen MCI from intact cognition in population aged over 60 \[[@r44]\]. It involves important cognitive domains and shows good reliability in repeated testing \[[@r45]\]. Our research data showed that the concentration of some plasma-based markers was positively or negatively correlated with MoCA scores rather than with SM-MMSE scores. It supported the notion that the MoCA test could better detect cognitive impairment than SM-MMSE, suggesting it as a highly sensitive tool for clinicians. Besides, the possibility could not be ruled out that other plasma-based markers have no correlation with cognitive impairment. Several reasons may account for this result in our study. When compared with normal controls, MCI patients present more minor variations of cognition decline than patients with dementia, which may enhance the difficulty in detecting disease progression. In the process of sampling, part of the data were excluded from analysis because of concentration undetectable or out of range. Large-scale studies containing healthy controls and patients with dementia and MCI are demanded to reach more powerful conclusions.

Limitations
-----------

It should be noted that there were some limitations in our research. First, the relatively small sample size may restrict our ability to detect the associations of other inflammatory and metabolic markers with cognitive impairment. Second, patients with the Alzheimer's disease or other types of dementia were not enrolled in the present study. And MCI subtypes which may progress into different types of dementia were not analyzed separately, which may reduce the strength of current evidence. Finally, longitudinal, multi-centered studies are needed to focus on the progression of MCI and alterations of plasma-based markers simultaneously.

CONCLUSION
==========

In summary, our data indicated elevated TNF-α and C-peptide as well as lowered VEGF-A and PAI-1 in the plasma of MCI patients, supporting the involvement of inflammatory and meta-vascular alterations in the pathogenesis of MCI. In addition, our study suggested that plasma sTNFR-1 and sIL-2Rα might be utilized as potential markers for cognitive impairment in the early stages of dementia. Future studies are required to determine whether these markers could be biomarkers for clinical diagnosis and to investigate the underlying mechanism.

METHODS
=======

Ethics
------

This study was conducted at the National University of Singapore. All procedures were compliant with the international guidelines and ethical standards, and the study protocol was reviewed and approved by the National University of Singapore Institutional Review Board. Written informed consent was obtained from all participants or authorized representatives before entering the study.

Participants
------------

This case-control study was conducted from July 2011 to September 2017. Elderly people aged 60 and above were recruited from the Training and Research Academy at Jurong Point, and Jurong area of Singapore. All participants underwent interviews, laboratory examinations and detailed collections of clinical data, including age, gender, education, alcohol intake, frequency of smoking, marriage and employment status, etc. A series of neuropsychological tests, including MoCA, SM-MMSE, Geriatric Depression Scale (GDS) and Geriatric Anxiety Inventory (GAI), were administered in a certain order to assess the cognitive and mental state of the participants. These evaluations were performed by experienced neuropsychiatrists on a one-to-one basis. Both participants and neuropsychiatrists were blinded to the study design.

MCI patients were diagnosed based on the widely accepted criteria advocated by Peterson and his colleagues \[[@r46],[@r47]\]. Inclusion criteria for normal controls require a SM-MMSE score ≥ 28. Subjects with the presence of dementia or other neurological diseases such as Parkinson's disease were excluded. Besides, participants were excluded if they have any of the following medical problems: acute diabetic complications, acute cerebrovascular accident or history of cerebrovascular accident within 5 years, acute cardiovascular accident or history of cardiovascular accident within 5 years, systemic disorders such as malignancy which were not cured, severe infection, drug abuse or dependency condition and severe psychiatric disorders which were not cured.

Measurements of plasma marker concentration
-------------------------------------------

Archival plasma specimens were thawed and quantitative assays were performed for 21 analytes of cytokines, chemokines, hormones, metabolites and other biomarkers which were screened from previously published literature to be correlated with cognitive function, MCI or dementia. Luminex assays were used to measure the levels of the tumor necrosis factor alpha (TNF-α) and its soluble receptor sTNFR-1, sTNFR-2, interferon-γ-inducible protein-10 (IP-10), chemokine C-X-C motif ligand 13 (CXCL13), the soluble interleukin-2 receptor alpha (sIL-2Rα), 6Ckine (C-C motif chemokine ligand 21, CCL21), CTACK (C-C motif chemokine ligand 27, CCL27), interleukin-8 (IL-8), C-peptide, monocyte chemoattractant protein 1 (MCP-1), vascular endothelial growth factor A (VEGF-A), interleukin-4 (IL-4), leptin, plasminogen activator inhibitor-1 (PAI-1), N-terminal pro-B type natriuretic peptide (NTproBNP) and tissue inhibitor of metalloproteinases 2 (TIMP2) (R&D Systems and Merck Millipore). Samples were incubated with beads, each uniquely fluorescent and conjugated to specific antibodies against the marker of interest. Detection antibodies were then added to the complex and the fluorescence was measured using a Luminex analyzer. Total thyroxine (T4), high sensitive C-reactive protein (hsCRP), high sensitive interleukin-6 (hsIL-6) and one of its receptor soluble gp130 (sgp130, a natural antagonist of IL-6 trans-signaling) were measured via the enzyme-linked immunosorbent assay (ELISA). Plasma samples were added to wells of ready-coated plates coated with antibodies specific to the marker of interest. The bound markers were then incubated with detection antibodies. The absorbance resulting from the enzymatic reaction from the enzyme on the detection antibodies and added substrate was measured using a microplate reader. All experimental procedures were standardized across runs and laboratory personnel.

Statistical analyses
--------------------

Data are presented as the mean ± standard deviation (SD) or number (percentage) as appropriate. Statistical analysis and image processing were performed using SPSS (version 25, IBM Inc., Armonk, NY, USA) and GraphPad Prism (version 7) software. Normal or non-normal distribution of continuous variables was checked by the Kolmogorov-Smirnov test. For data that obey normal distribution, comparisons between MCI patients and normal controls were conducted by the independent sample *t*-test. For non-normally distributed data, comparisons were performed using the non-parametric Wilcoxon signed rank test. Group comparisons of categorical data, including gender, alcohol intake, frequency of smoking, marriage and employment status, were analyzed using the chi-squared test. The Spearman correlation test and partial correlation analysis were used to explore the variables that might be related to cognitive impairment. Simple and multiple linear regression analysis were then conducted to investigate the possible relationship of plasma marker levels with cognition. In the regression analyses, the log~10~ transformation of plasma marker concentration was utilized to provide normally distributed data set. The performance of markers to distinguish MCI patients from normal controls was illustrated by the receiver operator characteristic curve (ROC). Considering the small sample size, we calculated the power of the test using the PASS15 software. A two-tailed p-value of \< 0.05 was regarded as statistically significant.
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